Imaging with 18 F-FDG PET/CT is able to reveal vascular inflammation, and several studies have shown that increased 18 F-FDG uptake in carotid artery plaques can qualify the degree of atherosclerotic inflammation. However, clinical assessment of acute aortic dissection (AAD) by PET/CT remains largely unexplored. This study aimed to investigate the use of 18 F-FDG PET/ CT to predict short-and midterm outcomes in medically controlled AAD patients. Methods: A total of 28 medically treated AAD patients (2 Stanford type A and 26 type B, aged 69.5 6 11.6 y) were prospectively studied. All patients were examined by enhanced CT for diagnosis of AAD and underwent serial imaging studies during follow-up. PET/CT images were acquired 50 and 100 min after 18 F-FDG injection in all patients in the acute phase. Results: Of the 28 patients, 8 who had an unfavorable outcome due to death from rupture (n 5 2), surgical repair (n 5 4), and progression of dissection (n 5 2) were categorized as having unfavorable AAD. The remaining 20 patients were categorized as having favorable AAD. Maximum dissection diameter in the unfavorable group was significantly greater than that in the favorable group (P 5 0.0207). On 50-min images, maximal and mean standardized uptake values (SUVs) at maximum aortic dissection sites were significantly greater for the unfavorable group than for the favorable group (all P , 0.01). A stepwise-forward selection procedure demonstrated that the mean SUV at sites of maximum aortic dissection on 50-min images significantly and independently predicted an unfavorable outcome for AAD (P 5 0.0171; odds ratio, 7.72; 95% confidence interval, 1.44-41.4; R 2 5 0.2372). A mean SUV greater than 3.029 had significant predictive power, with sensitivity of 75.0%, specificity of 70.0%, a positive predictive value of 50.0%, a negative predictive value of 87.5%, and accuracy of 71.4%. Conclusion: Greater uptake of 18 F-FDG in AAD was significantly associated with an increased risk for rupture and progression. 18 F-FDG PET/CT may be used to improve AAD patient management, although more studies are still needed to clarify its role in this clinical scenario. Acut e aortic dissection (AAD) is a life-threatening condition that arises from an atherosclerotic lesion in the aorta and is a leading cause of mortality (1). Current outcomes of medical therapy for Stanford type B AAD remain poor, with early mortality ranging from 10% to 12% (2,3). Medical management for AAD, particularly for Stanford type B, poses the difficult problem of deciding on whether surgery is needed and when it should be performed. The decision should balance the surgical risk and the hazard of aortic rupture in elective cases of Stanford type B AAD and in the elderly (4). Close, long-term CT monitoring of morphologic parameters, including maximum aortic diameter and the shape of the dissection, is helpful both for preventing aortic rupture and for undertaking timely surgical or endovascular intervention (5). However, only the relative and not the individual risk of rupture can be determined (6). Hence, we need to better understand the factors leading to progression and rupture of AAD in patients on conservative medical therapy. A better understanding may lead to better selection of those patients at higher risk of rupture, who can then be switched to surgical therapy.
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Aortic dissection has been defined as separation of the aortic wall layers (4) . Stanford type A AAD involves the ascending aorta or aortic arch, progressing distally toward the descending thoracic aorta, and type B AAD occurs distal to the left subclavian artery (7) . Dissecting aneurysms of the thoracic aorta develop as a result of progressive weakening of the aortic wall. In current pathologic perspectives, metabolic processes including chronic inflammation and proteolysis play a crucial role in degeneration of the aortic wall, resulting in the formation, progression, and rupture of AAD (8, 9) .
There is growing evidence, with histologic validation, that increased 18 F-FDG uptake constitutes a potential marker of active atherosclerotic inflammation within the aorta and the carotid, iliac, femoral, and vertebral arteries (10) (11) (12) . With the glucose analog 18 F-FDG, PET can acquire images of vascular inflammation, primarily because of increased macrophage metabolism (13) . However, PET is limited by its inability to precisely localize the site of increased tracer uptake. Combined PET/CT using the same imaging device allows for correct fusion of the images of both modalities obtained simultaneously in a single session (14) . Several studies have shown that increased 18 F-FDG uptake in carotid artery plaques can qualify the degree of vascular inflammation (11, 15) . Others using PET/CT have reported uptake of 18 F-FDG in diseased thoracic aortas of patients with AAD (16, 17) . However, the pathology and clinical implications of the 18 F-FDG PET/CT findings remain to be elucidated.
The aims of this prospective study were to compare 18 F-FDG uptake in the thoracic aorta between AAD patients and healthy controls and to assess the clinical significance of 18 F-FDG uptake on PET/CT images for predicting shortand midterm outcomes in medically controlled AAD patients.
MATERIALS AND METHODS

Population and Protocol
This study enrolled 28 patients with AAD (17 men and 11 women; mean age 6 SD, 69.5 6 11.6 y) who had an emergency admission to our hospital between April 2006 and November 2008. The patients included those with Stanford type B AAD (n 5 26) treated by medical therapy and those with Stanford type A AAD (n 5 2) who could not undergo surgical repair because of severe comorbidity and advanced age. All patients were examined initially by chest radiography, laboratory tests for serum myocardial marker and D-dimer, electrocardiography, and echocardiography followed by contrast medium-enhanced CT. Aortic dissection was defined as a separation of the aortic wall layers, with resulting true and false lumens, or as intramural hematoma examined by enhanced chest CT (4). Individuals with chronic renal disease (serum creatinine level . 2.0 mg/dL), poorly treated diabetes, Marfan syndrome, Ehlers-Danlos syndrome, a traumatic aneurysm, a bicuspid aortic valve, arteritis, a pseudoaneurysm, a mycotic aneurysm, a connective tissue disorder, or congenital malformations of the heart or vessels were excluded from the study.
Blood samples were taken for lipid profiles, glycosylated hemoglobin A1c, D-dimer, high-sensitivity C-reactive protein, and matrix metalloproteinases 2 (MMP-2) and 9 (MMP-9). D-dimer was measured by latex agglutination. High-sensitivity C-reactive protein was measured by particle-enhanced immunonephelometry. MMP-2 and -9 were determined by the sensitive 2-step sandwich enzyme immunoassay system using 2 monoclonal antibodies against them.
An unfavorable outcome was defined as death from cardiovascular causes, rupture or progression of the aortic dissection, conversion to surgical repair, and cardiovascular events during or after the initial hospitalization. The follow-up periods for assessing short-and midterm outcomes were defined as 1 mo after the onset of AAD (including the acute hospital stay) and 6 mo after the onset, respectively. All patients were followed up by a physician's examination and enhanced chest CT according to the usual standard of care with antihypertensive therapy. Fourteen ageand sex-matched individuals (7 men and 7 women) who visited outpatient clinics of our hospitals for cancer screening and did not have a history of malignant, inflammatory, cardiovascular, cerebrovascular, or aortic disease served as controls for the evaluation of PET/CT images.
The study protocol complied with the Declaration of Helsinki and was approved by the Committee on the Ethics of Human Research of Gifu Prefectural Tajimi Hospital. Each patient gave written informed consent.
Enhanced CT
A series of CT examinations was performed to evaluate progression, rupture, and the following morphologic parameters: maximum aortic dissection diameter; diameter of false and true lumen; reference aortic diameter; and the presence of intramural hematoma, penetrating atherosclerotic ulcer, thrombosed false lumen, and true lumen compression. A continuous-spiral 64-detector scanner was used (Aquilion 64; Toshiba Medical Systems), with a tube voltage of 120 kV, helical pitch of 21.0, slice thickness of 1.2 mm, and rotation speed of 0.5 s/revolution. The examinations were performed at 1 wk, 1 mo, 3 mo, 6 mo, and 1 y after the onset of AAD, before and during intravenous injection of contrast agent (370 mg of iodine/mL, 1.5 mL/kg of body weight) The radiation burden to the patient was 30 mAs in each CT acquisition. An intramural hematoma was defined as a more than 5-mm semicircular or circular thickening of the aortic wall without intimal disruption; penetrating aortic ulcer was defined as a craterlike ulceration in the aortic wall with or without adjacent subintimal hematoma.
F-FDG PET/CT
According to routine protocol, unenhanced CT and PET images were acquired consecutively 50 and 100 min after the injection of 4-6 MBq of 18 F-FDG per kilogram, using a PET/CT system (Biograph 6; Siemens Medical Solutions) combining a multislice spiral CT scanner with a full-ring PET scanner with lutetium oxyorthosilicate crystals. The patients underwent scanning at 12.2 6 5.3 d after their admission. The interval between the onset of AAD and 18 F-FDG PET/CT scanning was 13.2 6 6.1 d, and 6 patients had a late diagnosis of AAD. The CT acquisition parameters were as follows: 130 kV, 30 mA, 6 helical slices, 0.5 s/rotation, a pitch of 1.5, and a slice thickness of 5 mm. The PET images were acquired sequentially over an 80-cm field of view during 10 min in 3-dimensional mode. Matching PET and CT slices were fused, and an image of the 18 F-FDG activity overlying the corresponding anatomic plane was reconstructed using iterative ordered-subset expectation maximization on a dedicated workstation (e.softTurbo-V WorkStation SMS; Siemens Medical Solutions).
Image Interpretation
Noncorrected and attenuation-corrected PET images, CT images, and PET/CT images were available for review, displayed in axial, coronal, and sagittal planes. Using the corresponding PET/ CT images, 3 radiologists working in consensus and not aware of the clinical data determined the location of abnormal focal 18 F-FDG uptake in relation to the vascular wall and dissection on enhanced CT images. In all examinations for both patients and controls, 5-mm circular regions of interest were drawn at 3 different sites on the aortic dissection or normal aorta: the most proximal site; the site with maximal dissection (or, for normal aortas, a site intermediary between most proximal and most distal); and the most distal site. Areas with maximal focal 18 F-FDG uptake were visually detected, and the maximal standardized uptake value (SUV max ) and mean standardized uptake value (SUV mean ) in each area were measured by computational analysis software (VOX-BASE Browser/View; J-Mac system).
Data Analysis
Continuous variables are expressed as mean 6 SD, unless otherwise stated, and were compared using either the unpaired Student t test, the Mann-Whitney test if data did not show a normal distribution, or ANOVA followed by the multiplecomparison test with Bonferroni adjustment. Categoric variables, expressed as percentages, were compared using the x 2 test or Fisher exact test. Significant univariate risk factors were followed by application of multivariate analysis. The receiveroperating-characteristic curve was estimated to assess the predictive power of 18 F-FDG SUV, with calculation of the area under these curves. Statistical significance was examined by 2-sided tests. A P value of less than 0.05 was considered statistically significant. Table 1 shows the demographic data for the AAD patients. The mean observation period and hospital stay were 6.4 6 5.4 mo (range, 21.3-0.3 mo) and 21.5 6 10.8 d, respectively. During the initial hospitalization, no patients died; however, life-threatening morbidities such as stroke (n 5 1), cardiac tamponade (n 5 2), pleural effusion (n 5 13), shock (n 5 1), acute renal failure (n 5 6), mesenteric ischemia (n 5 1), and limb ischemia (n 5 2) were observed as complications of AAD. Of the 28 patients, 8 were classified as having unfavorable AAD: 2 who had an unfavorable outcome because of death from dissection rupture during follow-up, 4 who had surgical repair associated with progression of dissection during (n 5 2) or after (n 5 2) the initial hospital stay, and 2 who had progression of dissection during follow-up. The remaining 20 patients were classified as having favorable AAD: the dissection almost entirely disappeared in 6, the dissection regressed in 6, and the size and morphology of the dissection showed no remarkable change in the other 8. No significant difference was observed between the favorable and unfavorable AAD groups except for the presence of chest pain (P 5 0.0296), radiating pain (P 5 0.0200), and any pulse deficit (P 5 0.0351), as shown in Table 1 . No adverse events related to medication occurred during the hospitalization. Table 2 shows CT data and levels of measured biomarkers in the 2 groups. Maximum dissection diameter and mean value of high-density lipoprotein (HDL) cholesterol were significantly different between the favorable and unfavorable AAD groups (P 5 0.0207, P 5 0.0135, respectively). Table 3 presents data for the accumulation of 18 F-FDG in controls, favorable AAD patients, and unfavorable AAD patients at the 3 different sites for 50-min images. The 18 F-FDG SUV max and SUV mean of both AAD groups were significantly greater than those of controls at both the proximal and the distal sites. The 18 F-FDG SUV max and SUV mean of the unfavorable AAD group were significantly greater than those of the favorable group at the site of maximum aortic dissection. Concerning the analysis of 18 F-FDG uptake on 100-min images, despite a significantly higher 18 F-FDG SUV max and SUV mean in both AAD groups than in controls at the 3 sites (all P , 0.05), no significant difference in either 18 F-FDG SUV max or SUV mean at the 3 sites was observed between the favorable and unfavorable AAD groups. The total volume of 18 F-FDG injected for each study was 233.0 6 39.9 MBq.
RESULTS
Additionally, a stepwise-forward selection procedure with adjustment for covariates, including clinical presentation, HDL cholesterol, and maximum dissection diameter, demonstrated that the 18 F-FDG SUV mean of 50-min images at the site of maximum aortic dissection significantly and independently predicted an unfavorable outcome of AAD (P 5 0.0171; odds ratio, 7.72; 95% confidence interval, 1.44-41.4; R 2 5 0.2372).
Analysis of the area under the curve for 50-min images was used to assess the predictive accuracy of 18 F-FDG SUV mean at the site of maximum aortic dissection for short-and midterm outcomes of AAD (Fig. 1) . The mean area under the curve for SUV mean (6SE of mean) was 0.79375 6 0.08893. For the prediction of unfavorable outcome, the optimal SUV mean cutoff level determined from the receiver-operating-characteristic curves was 3.029. This level demonstrated a sensitivity of 75.0%, specificity of 70.0%, positive predictive value of 50.0%, negative predictive value of 87.5%, accuracy of 71.4%, and odds ratio of 4.00.
In subgroup analysis, the favorable AAD group was divided into 2 categories: an improved AAD subgroup consisting of patients whose AAD disappeared (n 5 6) or regressed (n 5 6) and a stable AAD subgroup consisting of patients whose dissection showed no remarkable change (n 5 8). Significant incremental changes in 18 F-FDG SUV max and SUV mean on 50-min images were observed at the site of maximum aortic dissection between controls, improved AAD patients, stable AAD patients, and unfavorable AAD patients (P , 0.0001 [ANOVA]; Table 4 ). Figure 1 shows 2 representative patients. An 82-y-old woman with a favorable outcome for type B AAD showed less 18 F-FDG uptake on PET/CT, consistent with the intramural hematoma on contrast-enhanced CT. This patient experienced AAD regression at 2 mo after onset. In contrast, a 44-y-old man with an unfavorable AAD outcome showed greater 18 F-FDG uptake on PET/CT, consistent with the dissected aortic wall on contrast-enhanced CT. This patient electively underwent aortic aneurysm repair because of AAD progression at 3 mo after onset. Interestingly, 18 F-FDG uptake at the flap that separated the aortic wall layers was observed in this patient.
DISCUSSION
The present study yielded the following results: 18 F-FDG SUV was significantly greater in AAD patients than in controls. When unfavorable and favorable AAD patients were compared, 18 F-FDG SUV at the site of maximum aortic dissection was significantly greater in unfavorable than in favorable AAD patients. Multivariate analysis showed that 18 F-FDG SUV mean at the site of maximum aortic dissection independently predicted an unfavorable outcome for AAD. An SUV mean cutoff of 3.029 demonstrated reliable predictive powers.
The pathologic features of AAD include degeneration of the medial elastic fibers, thinning of the media, loss of smooth muscle cells, adventitial hypertrophy, and accumulation of lymphocytes and macrophages secreting several kinds of enzymes, particularly MMPs, that have been implicated in medial degradation (18) (19) (20) . A previous study showed that small numbers of macrophages surrounding areas of cystic medial necrosis were immunopositive for several MMPs, including MMP-2 and -9, that can degrade elastin (21) . Thus, macrophages are the predominant leukocyte that initiates aneurysm formation by producing inflammatory cytokines and proteolytic enzymes (22) . Several studies reported that increased uptake of 18 F-FDG in the atherosclerotic vascular wall correlated with dense infiltrations of macrophages and the number of macrophages in the plaque (11, 16, 23) . These results support the idea that uptake of 18 F-FDG may depict and qualify macrophage content as a marker of atherosclerotic inflammation within the aortic wall. Some studies demonstrated a relationship between the degree of inflammation and vascular complications or outcome of AAD (24, 25) . A greater serum CRP elevation at admission in patients with type B AAD was significantly associated with a poorer clinical outcome. Hence, it seems plausible that increased 18 F-FDG accumulation in an aortic dissection stems from macrophage density indicating inflammation in the aortic wall and thus could be correlated with short-and midterm outcomes for AAD.
In the present study, only 50-min images demonstrated a significant association between 18 F-FDG SUV at the site of maximum aortic dissection and short-and midterm outcomes for AAD. 18 F-FDG uptake by inflammatory cells peaked at approximately 60 min after injection and then decreased gradually (26) . Glucose-6-phosphatase mediates the dephosphorylation of intracellular 18 F-FDG. Unless 18 F-FDG-6-phosphate is dephosphorylated by glucose-6-phosphatase, it is unable to leave the cell. Macrophages have high levels of glucose-6-phosphatase and a relatively low ratio of hexokinase to phosphatase (26) . Consequently, in macrophages, 18 F-FDG-6-phosphate can be rapidly dephosphorylated and cleared after reaching a certain level.
The interval between tracer injection and scanning is likely to be a factor that may affect the difference in our results between 50-and 100-min images. Kuehl et al. found that one third of 33 patients with acute aortic syndrome had 18 F-FDG uptake indicating active vessel wall inflammation (16) . There was a trend toward an association between greater uptake of 18 F-FDG and poorer outcome. However, in the study by Kuehl et al., if an 18 F-FDG SUV mean of more than 2.5 was positive, positive PET/CT findings did not significantly correlate with the clinical outcome of patients with acute aortic syndrome including aortic aneurysm and dissection (16) . In the present study, in which patients with aortic aneurysm were excluded, given the SUV mean cutoff value of 3.029, 18 F-FDG PET had a substantial predictive value for discriminating unfavorable from favorable AAD patients. The difference between the results of Kuehl et al. and our results is possibly attributable to the presence or absence of an aortic aneurysm in the studied patients. Reportedly, macrophages were present in the aortic media in both aortic dissection patients and aneurysm patients; however, greater numbers of macrophages were noted in the aortas of patients who had aortic dissections (20) . This finding may account for the difference in uptake of 18 F-FDG between aortic aneurysms and dissections.
Besides the classically known determinants of AAD prognosis, that is, aneurysm diameter, the female sex, older age, cardiac tamponade, partial thrombosis of a false lumen, renal failure, and hypotension or shock (27, 28) , identification of an aortic dissection at high risk of rupture and progression is an ultimate goal for noninvasive vascular inflammatory imaging. Our observation that, on metabolic imaging for vascular inflammation, 18 F-FDG uptake with trapping is directly proportional to AAD outcome suggests the usefulness of 18 F-FDG PET/CT for risk stratification among AAD patients.
In the present study, almost the entire dissection disappeared in 6 patients (30%), and the dissection regressed in another 6 (30%) among the favorable AAD group (n 5 20). Although it remains inconclusive whether this is the clinical nature of AAD, Kaji et al. reported that of 22 consecutive patients with AAD, 6 (27%) showed regression of AAD at follow-up, and another 6 (27%) showed disappearance of AAD (29) . Other studies also reported disappearance and regression of AAD at follow-up, consistent with our results (30, 31) . With CT alone, it is difficult to detect pathologic changes in the dissected aorta and to clarify the pathologic mechanism of the disappearance or regression of AAD (29) . Other imaging modalities, such as PET/CT, may be able to detect pathologic changes in these conditions though follow-up with serial PET/CT.
Interestingly, the present study demonstrated that HDL cholesterol levels were significantly higher in favorable than unfavorable AAD patients. HDL cholesterol has antioxidant and antiinflammatory effects that may contribute to its antiatherogenic potential (32) . Thus, the difference in outcome of AAD patients is potentially, at least in part, attributable to these effects of HDL cholesterol and a difference in HDL cholesterol levels between favorable and unfavorable AAD patients.
Like other observational studies, this study had several potential limitations that may affect the data analysis. As there were no good prior data, sample size could not be estimated correctly. Even though this was a prospective study of consecutive patients, the period over which data were collected was arbitrarily selected. The possibility exists that respiratory motion or our use of CT attenuation correction may have led to a false-positive result. 18 F-FDG uptake findings in aortic dissection were not compared with histopathologic findings. It is not possible to differentiate causative factors and epiphenomena on the basis of 18 F-FDG PET/CT findings.
CONCLUSION
Greater uptake of 18 F-FDG in the dissected aortic wall was significantly associated with an increased risk for rupture and progression of aortic dissection and thus could discriminate favorable from unfavorable AAD patients. Stratification of AAD patients by evaluating 18 F-FDG uptake may therefore be important in predicting short-and midterm outcomes and thereby achieving effective management.
